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DIELECTRIC BARRIER DISCHARGE LAMP APPARATUS 



(57) Dielectric-barrier discharge lamp light source 
equipment comprising dielectric-barrier discharge 
lamps (B) that have a discharge plasma space (G) filled 
with a discharge gas in which a dielectric-barrier dis- 
charge will produce eximer molecules and a dielectric 
(D) located between the discharge gas and at least one 
of two electrodes (E) to induce the discharge phenom- 
enon in the discharge gas : and also a power supply to 
impress a high voltage on the electrodes (E) of the die- 
lectric-barrier discharge lamps, in which the power sup- 
ply means is divided into a single power supply front 
stage (M) and multiple power supply back stages (S) 
with one of the power supply back stages (S) for each 
of the dielectric-barrier discharge lamps (B), with the 



power supply front stage (M) providing a common direct 
current power supply voltage (1) to each of the power 
supply back stages (S) and each of the power supply 
back stages (S) transforming the direct current power 
supply voltage (1) to an alternating current high voltage 
(H) of roughly periodic waveform by means of a switch- 
ing element and a step-up transformer (T), and impress- 
ing that alternating current high voltage (H) on the elec- 
trodes (E) of the corresponding dielectric-barrier dis- 
charge lamps (B), such that the frequency of the alter- 
nating current high voltage (H) of each of the power sup- 
ply back stages (S) is independently adjustable and the 
common direct current power supply voltage (1) of the 
power supply front stage (M) is adjustable. 
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Description 

Field of Technology 

[0001] This invention concerns light source equip- 5 
ment that includes what is called a dielectric-barrier dis- 
charge lamp, which is a type of discharge lamp used, 
for example, as a source of ultraviolet radiation for pho- 
tochemical reactions, in which eximer molecules are 
formed by dielectric-barrier discharge, and which uses 
light emitted from the excimer molecules. 

Background of Technology 

[0002] Technical literature explaining the technology 
involved in the dielectric-barrier discharge lamps with 
which this invention is concerned can be found in, for 
example, JPO kokai patent report H2-7353. This docu- 
ment describes an emitter that produces light by causing 
the formation of eximer molecules by means of a die- 
lectric barrier discharge(also known as ozonizer dis- 
charge or silent discharge; see Denki Gakkai, "Dis- 
charge Handbook", revised edition, 7th printing, June 
1989, p. 263) in a discharge chamber filled with a dis- 
charge gas that forms eximer molecules, and using the 
light radiated by those exirner molecules. 
[0003] Dielectric-barrier discharge lamps as de- 
scribed above, and light source equipment containing 
such lights, have a number of advantages not found in 
conventional low-pressure mercury discharge lamps 
and high-pressure arc discharge lamps, and so have a 
variety of potential applications. One of the most impor- 
tant of these, given the mounting interest in the issue of 
environmental pollution in recent years, is the decon- 
tamination of materials by means of photochemical re- 
actions using ultraviolet radiation. Consequently, there 
is unusually strong demand for dielectric-barrier dis- 
charge lamp light source equipment with high outputs 
and broad areas of illumination. 

[0004] One proposal in line with this demand is found 
in JPO kokai patent H4-229671 , which describes a con- 
stitution that enlarges the light source and expands the 
area of illumination by lighting multiple dielectric-barrier 
discharge lamp in parallel. There are, however, a 
number of major, unresolved problems in such attempts 
to use conventional technology. The first problem is that 
it is difficult, when illuminating a broad area, to make the 
illumination energy density uniform or to make the light 
adjustable. The second problem is greater economy is 
sought as the output is increased and the area of illumi- 
nation is enlarged, or in other words as the electrical 
power of the equipment is increased. The third problem 
is that, as the output is increased and the area of illumi- 
nation is enlarged, the heat generated by the lamp in- 
creases and its service life grows shorter. 
[0005] Now, the reason for the necessity of being able 
to adjust the light within the first problem is simply ex- 
plained. The function of treating materials using ultravi- 



olet light from dielectric-barrier discharge lamps de- 
pends on highly complicated and precise photochemical 
reactions; in order to obtain the desired treatment effect 
in materials of large area, it is necessary that the illumi- 
nation energy density distribution not be greater or less 
than the desired distribution. In the eventthatthe illumi- 
nation energy density is inadequate, the effect of illumi- 
nation is low, which is clearly a problem. In the event 
that the illumination energy density is excessive, prob- 
lems are caused by excessive reactions that go beyond 
the proper limits. For example, the breakdown products 
of the ultraviolet light illumination may react again and 
undergo unintended molecular synthesis, or an uneven 
layer of impurities may be formed on the surface of the 
material being treated. Accordingly, there is a permissi- 
ble range that depends on the sort of treatment to be 
performed, and to avoid illumination energy density dis- 
tribution that is not greater or less than the desired dis- 
tribution, the ideal dielectric-barrier discharge lamp 
should have the function of adjusting the illumination en- 
ergy density to fit the permissible range. 
[0006] Moreover, in dielectric-barrier discharge 
lamps, as in other lamps, there are variable factors in 
the intensity of light emitted. The first variable factor is 
variation of the period of time needed for electrical and 
thermal stabilization after the lamp is lighted. The sec- 
ond variable factor is the period between the lamp being 
in new condition to the end of its service life. The function 
of adjusting the illumination energy density is needed to 
correct for these variables and maintain the desired il- 
lumination energy density. 

[0007] A proposal to resolve the first problem men- 
tioned above, which is the difficulty when illuminating a 
broad area or making the illumination energy density 
35 uniform and making the light adjustable, was made in 
JPO kokai patent H8-146198, but that did not include 
positive solutions to the second problem or the third 
problem. 

[0008] In orderto resolve the third problem mentioned 
40 above, it is necessary to improve the lighting efficiency 
of the lamp. The conditions for improvement of the light- 
ing efficiency of lamps are explained below. 
[0009] Dielectric-barrier discharge lamps (B, B1 , 
B2 ...) have a discharge plasma space (G) and one or 
45 two dielectrics sandwiched between electrodes (Ea, 
Eb). Figure 1 shows a single dielectric-barrier discharge 
lamp with two dielectrics (D). In figure 1 , by the way, the 
lamp seal (6) also serves as the dielectric (D). 
[0010] When lighting up the dielectric-barrier dis- 
50 charge lamp (B), a high-frequency, alternating current 
of, for example 1 0 to 200 kHz and 2 to 1 0 kV is im- 
pressed on the electrodes (Ea, Eb). However, because 
of the dielectric (D) between the discharge plasma 
space (G) and the electrodes (Ea, Eb), current does not 
55 flow directly from the electrodes (Ea, Eb) to the dis- 
charge plasma space (G); the current flows by means 
of the action of the dielectric (D) as a condenser. In other 
words, a charge equal in size and opposite in sign to 
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that on electrodes (Ea, Eb) is induced on the discharge 
plasma space side of the dielectric (D) because of po- 
larization of the dielectric: The discharge occurs be- 
tween the dielectric (D) that faces across the discharge 
plasma space (G). 

[001 1 ] Little current flows along the discharge plasma 
space (G) side of the dielectric (D); when discharge oc- 
curs, the charge induced on the discharge plasma 
space (G) side of the dielectric (D) is neutralized by the 
charge moved by the discharge, and the electrical field 
within the discharge plasma space (G) is reduced. For 
that reason, the current stops even if the voltage con- 
tinues to be impressed on the electrodes (Ea, Eb). But 
when the voltage impressed on the electrodes (Ea, Eb) 
rises again, the discharge current continues. When the 
discharge ceases after having occurred, there is no fur- 
ther discharge until the polarity of the voltage impressed 
on the electrodes (Ea, Eb) has reversed. 
[0012] In the case of a dielectric-barrier discharge 
lamp in which xenon gas, for example, is sealed, the 
xenon gas is dissociated into ions and electrons by the 
discharge, and becomes xenon plasma. When the xe- 
non plasma is excited to a specified energy level, eximer 
molecules are formed within the plasma. Xenon eximers 
divide after a certain lifespan, but the energy released 
at that time is emitted as a photon of vacuum ultraviolet 
wavelength. To make a dielectric-barrier discharge lamp 
work efficiently as a vacuum ultraviolet light source, it is 
necessary to form the eximer molecules efficiently. 
[001 3] The greatest obstacle to efficient formation of 
eximer molecules during discharge is the excitation of 
the discharge plasma to energy levels that do not con- 
tribute to the formation of eximer molecules. 
[0014] The movement of discharge plasma electrons 
immediately after discharge begins is collective, and the 
energy is high but the temperature is low. In this state, 
the discharge plasma has a high probability of transition 
to the resonant state required for formation of eximer 
molecules. If the discharge time is prolonged, however, 
the movement of the plasma electrons gradually be- 
comes thermal. That is, it reaches a state of thermal 
equilibrium known as a Maxwell-Boltzmann distribution; 
the plasma temperature rises, and there is an increased 
probability of transition to a state of higher excitation 
where eximer molecules cannot form. 
[0015] Moreover, sometimes when eximer molecules 
have been formed, a subsequent discharge will break 
down the eximer molecules before their lifespan elapses 
and they divide naturally by emitting the desired photon. 
In fact, in the case of xenon eximers, a period of about 
1 [is is required between the beginning of discharge and 
emission of a vacuum ultraviolet photon, and a subse- 
quent discharge or redischarge during that period re- 
duces the efficiency of eximer light emission. 
[0016] In other words, once discharge had com- 
menced, it is most important to reduce as much as pos- 
sible the energy of subsequent discharges. 
[0017] Even in the event that the discharge time is 



short, if the energy injected during the discharge period 
is too great, there is similarly an increased probability of 
transition to a state of high excitation. Plasma that has 
transitioned to a state of high excitation moderates itself 
5 by emission of infrared radiation, which just raises the 
temperature of the lamp and does not contribute to ex- 
imer light emission. 

[0018] That is, the discharge must be driven so as to 
suppress the excitation of discharge plasma to energy 
to levels that do not contribute to the formation of eximer 
molecules. That point is one that cannot be satisfied by 
conventional dielectric-barrier discharge lamp light 
source equipment. 

[0019] JPO kokai patent report H1 -243363 is a pro- 
fs posal to achieve eximer light emission with high efficien- 
cy by means of all pulse discharges, including dielectric- 
barrier discharges. This follows the condition stated 
above that once a discharge has begun, the energy of 
the subsequent discharge is reduced as much as pos- 
20 sible. However, what is described in this proposal is 
which parameters to control to increase the efficiency of 
eximer light emission; there is no specific mention of the 
effective conditions for those parameter values. Partic- 
ularly in the case of dielectric-barrier discharges, there 
25 is little freedom for control of the voltage that has to be 
impressed and the current that has to be injected into 
the discharge plasma space through the dielectric; it is 
extremely difficult to discover the optimum conditions, 
but no information on that is contained in this proposal. 
30 [0020] Proposals to improve the drive waveform of flu- 
orescent lights using dielectric-barrier discharge include 
JPO kokai patent H6- 163006. That describes improve- 
ment of the luminance of fluorescent lights by driving 
them with a stream of short pulses of positive and neg- 
35 ative polarity or with alternating-current short wave- 
forms. In connection with the frequency and duty cycle, 
experimental results on variation of luminance relative 
to variation of the voltage impress are described, and it 
is explained that efficiency is improved relative to con- 
40 ventional sine-wave drive. Practical power supplies, 
however, contain high-voltage transformers, and it is im- 
possible to impress an ideal stream of short pulses or 
short waveforms; because of interaction of the output 
impedance of the power supply and the inductance of 
45 the lamp, the waveform is rounded and resonance caus- 
es a partially sine-wave shaped voltage to be im- 
pressed. With the premise that there is inevitable diver- 
gence from the ideal short waveform in practical power 
supplies of this sort, it is not easy to design and manu- 
50 facture an economical and useful light source while 
keeping the harmful component of the divergence within 
acceptable limits, and that proposal does not state spe- 
cific guidelines for resolving that problem. 
[0021] There are proposals to improve the efficiency 
55 of dielectric-barrier discharge lamps, such as JPO pat- 
ent report H8-508363. However, this proposal says 
nothing about specific items that are truly effective in 
achieving control of the excitation of discharge plasma 
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to energy levels that do not contribute to formation of 
eximer molecules, so as to form eximer molecules effi- 
ciently. 

[0022] In order to form eximer molecules efficiently 
while limiting the excitation of discharge plasma to en- 
ergy levels that do not contribute to the formation of ex- 
imer molecules, it is best to raise the voltage impressed 
on the lamp at a finite rate of increase and to end the 
discharge as quickly as possible once the voltage for 
commencement of discharge is reached and discharge 
begins. 

[0023] The operation of the electrical circuitry of a di- 
electric-barrier discharge lamp is shown in figure 2. The 
discharge path (7) of the discharge plasma space (G) 
can be thought of as connected in series with a resistor 
(8) and a switch (9). The dielectric-barrier discharge 
lamp (B) has dielectric (D) between the electrodes (Ea, 
Eb) and the discharge plasma space (G), and it func- 
tions as a condenser within the electrical circuitry. In the 
event that there are two pieces of dielectric, however, 
the two condensers can be thought of as a single con- 
denser (10). 

[0024] Because the structure has this condenser in- 
serted in series with the discharge plasma space (G), 
discharge current flows through the dielectric-barrier 
discharge lamp (B) only for a period immediately after 
the change in polarity of the voltage impressed on the 
lamp., and a non-discharge period occurs naturally, even 
without impressing voltage on the lamp as a pulse volt- 
age that has a rest period that is essentially zero voltage. 
Moreover, discharge does not occur until the voltage of 
the discharge plasma space (G) reaches the voltage for 
the commencement of discharge, and so it is not nec- 
essary for the rise or fall of the voltage impressed on the 
lamp to be rapid. 

[0025] The discharge plasma space (G) itself forms a 
condenser (11), and when discharge begins, almost all 
the energy stored in this condenser is expended, and 
so once the discharge begins, there is no need for ad- 
ditional current to the dielectric-barrier discharge lamp 
(B) from the power supply. 

[0026] The unit area of the lamp wall surface is con- 
sidered next. The voltage for the commencement of dis- 
charge is decided almost automatically when the gas 
pressure and the discharge gap are decided. And be- 
cause the size of the discharge gap determines the stat- 
ic capacity of the condenser (11) formed by the dis- 
charge plasma space, the minimum energy that can be 
put into the plasma between the commencement and 
completion of a single discharge is the energy of a full 
discharge of the charge stored in the condenser (11) 
formed by the discharge plasma space. That deter- 
mines the constitution of the lamp. It was stated above 
that in order to form eximer molecules efficiently, the ex- 
citation of discharge plasma at energy levels that will not 
contribute to the formation of eximer molecules is con- 
trolled. That control is best achieved through the condi- 
tions for discharge of that minimum energy. 



[0027] However the conditions for discharge of that 
minimum energy can be realized in an ideal fashion by 
very slowly raising the voltage impressed on the lamp, 
and then discharging it, using a power supply with an 

5 output impedance that is quite large. 

[0028] There are, however, a number of problems in 
applying such power supply equipment as actual light 
source equipment. That is, there is the problem that be- 
cause of the cyclical repetition of the discharge it is dif- 

10 ficult to achieve the speed of operation when the output 
impedance is large, and the problem that under the con- 
ditions for discharge of the minimum energy, there is li- 
able to be a lack of uniformity of discharge within each 
individual lamp because of the lack of uniformity of the 

15 location of the discharge gap within the lamp. 

[0029] This latter problem is none other than the first 
of the problems listed previously, that it is difficult, when 
illuminating a broad area, to make the illumination en- 
ergy density uniform or to make the light adjustable. 

20 That is, if one attempts to improve the lighting efficiency 
of the lamp in order to resolve the third problem listed 
previously, which is that as the output is increased and 
the area of illumination is enlarged the heat generated 
by the lamp increases and its service life grows shorter, 

25 one will actually exacerbate the first problem, and con- 
sequently it is extremely difficult to resolve both prob- 
lems simultaneously. 

Accordingly, in order to have practical light source 
equipment that uses a means of power supply with an 

30 output impedance small enough to realize the neces- 
sary light volume and that has surplus capacity to pro- 
duce an even discharge at all surfaces of the dielectric- 
barrier discharge lamp, it is necessary to increase the 
voltage impressed on the lamp beyond the conditions 

35 for the minimum energy discharge mentioned above, 
and also to set correctly the conditions for the permissi- 
ble range for lowering the efficiency of eximer emission 
by raising the voltage impressed on the lamp. Normally 
the appropriate range for the voltage impressed on the 

40 lamp is not a broad one. 

[0030] In dealing with the first problem mentioned 
above, it is necessary to consider not only the problem 
of the lack of uniformity of discharge within each individ- 
ual lamp because of the lack of uniformity of the location 

45 of the discharge gap within the lamp, but also the prob- 
lem of lack of uniformity caused by differences of lighting 
efficiency among the different lamps. 
[0031] The only way to make up for this lack of uni- 
formity caused by differences of lighting efficiency 

50 among the different lamps is to adjust individually the 
power injected into each lamp. As stated above, how- 
ever, the appropriate range for the voltage impressed 
on the lamp is not broad, and so it is not appropriate to 
adjust the power injected into each lamp by means of 

55 the voltage impressed on the lamp. That is because if 
the voltage impressed on the lamps is increased and 
decreased to correct for the lack of uniformity caused 
by differences of lighting efficiency among the different 
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lamps, the voltage will usually fall outside the appropri- 
ate range. 

[0032] The task to be handled by this invention is to 
provide a dielectric-barrier discharge lamp light source 
equipment to solve the difficulty, when illuminating a 5 
broad area, of making the illumination energy density 
uniform or making the light adjustable, and to solve at 
the same time the problem that as the output is in- 
creased and the area of illumination is enlarged, the 
heat generated by the lamp increases and its service to 
life grows shorter, and that will achieve these solutions 
economically. 

Presentation of Invention 

15 

[0033] In order to resolve these problems, the dielec- 
tric-barrier discharge lamp light source equipment of this 
invention has the following constitution. 

(1) Dielectric-barrier discharge lamp light source 20 
equipment comprising dielectric-barrier discharge 
lamps (B, B1, B2 ...) that have a discharge plasma 
space (G) filled with a discharge gas in which a di- 
electric-barrier discharge will produce eximer mol- 
ecules and a dielectric (D) located between the dis- 25 
charge gas and at least one of two electrodes (Ea, 

Eb) to induce the discharge phenomenon in the dis- 
charge gas, and also a power supply to impress a 
high voltage on the electrodes (Ea, Eb) of the die- 
lectric-barrier discharge lamps, in which the power 30 
supply means is divided into a power supply front 
stage (M) and power supply back stages (S, S1, 
S2 ...) with one of the power supply back stages (S, 
S1, S2 ...). For each of the dielectric-barrier dis- 
charge lamps (B, B1 , B2 ...), with the power supply 35 
front stage (M) providing a common direct current 
power supply voltage (1) to each of the power sup- 
ply back stages (S, S1 , S2 .. .) and each of the power 
supply back stages (S, S1 , S2 ...) transforming the 
direct current power supply voltage (1) to an alter- 40 
nating current high voltage (H) of roughly periodic 
waveform by means of a switching element and a 
step-up transformer (T), and impressing that alter- 
nating current high voltage (H) on the electrodes 
(Ea, Eb) of the corresponding dielectric-barrier dis- 4 $ 
charge lamps (B, B1 , B2 ...), such that the frequen- 
cy of the alternating current high voltage (H) of each 
of the power supply back stages (S, S1, S2 ...) is 
independently adjustable and the common direct 
current power supply voltage (1) of the power sup- so 
ply front stage (M) is adjustable. 

(2) Dielectric-barrier discharge lamp light source 
equipment under claim 2, in which the power supply 
front stage (M) supplies as common direct current 55 
power supply voltages both a direct current power 
supply voltage (2) for regular operation and a direct 
current power supply voltage (3) for lamp ignition to 



each of the power supply back stages (S, S1, S2 ...), 
with each of the power supply back stages (S, S1 , 
S2 ...) having a lamp voltage selection switch circuit 
(X) to select either the direct current power supply 
voltage (2) for regular operation orthe direct current 
power supply voltage (3) for lamp ignition, and the 
lamp voltage selection switch circuit (X) selecting 
the direct current power supply voltage (2) for reg- 
ular operation when the dielectric-barrier discharge 
lamp is turned on or direct current power supply 
voltage (3) for lamp ignition during regular opera- 
tion, such that the common voltage is transformed 
to an alternating current high voltage (H) of roughly 
periodic waveform based on the voltage selected. 

(3) Dielectric-barrier discharge lamp light source 
equipment under claim 3, in which the power supply 
front stage (M) supplies as common direct current 
power supply voltages both a modulated low-level 
direct current power supply voltage (4) and a mod- 
ulated high-level direct current power supply volt- 
age (5) to each of the power supply back stages (S, 
S1 , S2 ...), with each of the power supply back stag- 
es (S, S1, S2 ...) having a lamp voltage selection 
switch circuit (Y) to select either the modulated low- 
level direct current power supply voltage (4) or the 
modulated high-level direct current power supply 
voltage (5), and the lamp voltage selection switch 
circuit (Y) cyclically alternating between two states, 
namely the state when the modulated low-level di- 
rect current power supply voltage (4) is selected 
and the state when the modulated high-level direct 
current power supply voltage (5) is selected, such 
that the common voltage is transformed to an alter- 
nating current high voltage (H) of roughly periodic 
waveform based on the voltage selected, and the 
ratio of length of continuation of the two states can 
be adjusted. 

Brief Explanation of Drawings 

[0034] Figure 1 is a diagram showing a dielectric-bar- 
rier discharge lamp with two dielectrics. 
[0035] Figure 2 shows an equivalent system for a di- 
electric-barrier discharge lamp. 

[0036] Figure 3 is one example of a simplified circuit 
diagram of the dielectric-barrier discharge lamp light 
source equipment of claim 1 of this invention. 
[0037] Figure 4 is one example of a simplified circuit 
diagram of the dielectric-barrier discharge lamp light 
source equipment of claim 2 of this invention. 
[0038] Figure 5 is one example of a simplified circuit 
diagram of a part of the dielectric-barrier discharge lamp 
light source equipment of claim 3 of this invention. 
[0039] Figure 6 is one example of a simplified circuit 
diagram of one implementation of discharge lamp light 
source equipment of this invention. 
[0040] Figure 7 is one example of a simplified circuit 
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diagram of a part of one implementation of discharge 
lamp light source equipment of this invention. 
[0041] Figure 8 shows an example of the measured 
values of the lamp voltage (Vs(t)) waveform and the 
lamp current (!s(t)) waveform. 

[0042] Figure 9 is a conceptual drawing of adjustment 
of the duty cycle of the voltage impressed on the lamp. 

Optimum Effect of Implementation of Invention 

[0043] The mode of implementation of the invention 
in claim 1 is explained below with reference to figure 3. 
[0044] In the power supply front stage (M), the alter- 
nating current voltage input from the commercial power 
line (1 2) is converted to a direct current voltage line (1 5) 
by a smoothing condenser (1 4) and a rectifier circuit (1 3) 
comprising, for example, a diode bridge. This direct cur- 
rent voltage line (15) is connected to a switching ele- 
ment (16) using an FET, for example, a diode (19), a 
choke coil (20) and a smoothing condenser (21), thus 
making up a variable voltage direct current voltage 
source. Its output, a direct current power supply voltage 
(1), is supplied in common to the power supply back 
stages (S, S1 , S2 ...) included within the light source unit 
(25). 

[0045] In this case, the variable voltage direct current 
voltage source in figure 3 is what is known as a step- 
down chopper circuit; it is possible to increase or de- 
crease the output direct current power supply voltage 
(1) by increasing or decreasing the duty cycle of the 
short waveform gate signal (18) input to the gate drive 
circuit (17) attached to the switching element (1 6). The 
power supply front stage control circuit (24) starts and 
stops the operation of the variable voltage direct current 
voltage source and controls the stability of the output 
direct current source voltage and the production of the 
feedback-type gate signal (1 8) on the basis of a voltage 
measurement signal (23) from an output voltage detec- 
tor circuit (22) that uses, for example, a resistance volt- 
age divider. Now, in the event that there is some dis- 
tance between the light source unit (25) and the power 
supply back stages (M), it is best to connect a smoothing 
condenser (26) where the direct current power supply 
voltage (1) is input to the light source unit (25). 
[0046] Of the power supply back stages (S, S1, 
S2 ...), the constitution of only one power supply back 
stage (S) is shown in figure 3, but the others have the 
same constitution and operate in the same way. 
[0047] In the power supply back stage (S), the direct 
current power supply voltage (1 ) is received by a bypass 
condenser (27) and connects to an inverter circuit made 
up of switching elements (28, 29, 30, 31) that use FETs, 
for example. The inverter circuit in figure 3 is what is 
called a full-bridge inverter, in which there are, associ- 
ated with the switching elements (28, 29, 30, 31), a set 
of upper left and lower right inverter gate drive circuits 
(32, 33) and a pair of upper right and lower left inverter 
gate drive circuits (34, 35), with an alternating current 



voltage that changes between positive and negative po- 
larity impressed on the primary side of the step-up trans- 
former (T) by the gate signals (36 : 37, 38, 39) such that 
the switching elements of each set are driven ON at the 
5 same time, with alternation between the sets driven ON . 
Now, a condenser (41) to prevent eccentric excitation 
may be inserted on the primary side of the step-up trans- 
former (T). 

[0048] An inverter gate signal generation circuit (40) 
10 to start and stop the inverter circuit and to produce the 
gate signals (36, 37, 38, 39) that alternately drive the 
switching elements (28, 29, 30, 31) ON as appropriate 
is included in the power supply back stage control circuit 
(42). The frequency of alternation between the sets of 
15 switching elements (28, 29, 30, 31) is set for the power 
supply back stage control circuit (42) by the frequency 
setting means (43). The light source unit control circuit 
(45) provides overall control, such as starting and stop- 
ping the inverter circuit, to the power supply back stage 
20 control circuits of each power supply back stages (S, 
S1 , S2 ...) on the basis of the light source unit control 
signals (44) moving to and from the power supply front 
stage control circuit (24). 

[0049] On the secondary side of the step-up trans- 
25 former (T), the voltage is increased in proportion to the 
winding ratio, and an alternating current high frequency 
voltage (H) with polarity that changes between positive 
and negative is produced at a set frequency. The alter- 
nating current high voltage (H) from each power supply 
30 back stages (S, S1, S2 ...) is impressed on the elec- 
trodes of the corresponding dielectric-barrier discharge 
lamps (B, B1 , B2 ...), lighting each lamp. At this time the 
step-up transformer (T) provides a common direct cur- 
rent powersupply voltage (1 ) to the similarly constructed 
35 power supply back stages (S, S1 , S2 ...), such that the 
amplitude of the alternating current high voltage (H) im- 
pressed on each lamp is roughly the same. 
[0050] Accordingly it is possible to adjust the common 
direct current powersupply voltage (1 ) in the power sup- 
40 ply front stage (M) such that the voltage impressed on 
each dielectric-barrier discharge lamp meets the condi- 
tions stated above; that is, there is a margin for produc- 
tion of uniform discharges across the full surface of the 
dielectric-barrier discharge lamps, the voltage im- 
45 pressed on the lamp is higher than the minimum energy 
condition for discharge, and the drop in efficiency of ex- 
imer light emission due to the voltage impressed on the 
lamp being high is within the permissible range. This 
solves, within the first problem mentioned above, the 
50 problem of unevenness of discharge within a single 
lamp due to the effect of variation in the location within 
the lamp of the discharge gap, and also the third prob- 
lem listed above, which is the problem that the lamp pro- 
duces more heat and its life grows shorter as the output 
55 increases and the area of illumination increases, or in 
other words, as the equipment becomes larger. 
[0051] Figure 8, on the other hand, is an example of 
the lamp voltage waveform (Vs(t)), which is the alternat- 



6 



«=EP 116482QA1J > 



11 



EP 1 164 820 A1 



12 



ing current high voltage (H) output from the power sup- 
ply back stages (S), and the lamp current waveform (Is 
(t)) when a dielectric-barrier discharge lamp is lighted 
by means of this sort of full-bridge inverter. As is clear 
from the lamp current waveform (ls(t)) in figure 8, the s 
lamp current flows only for an instant when there has 
been a sudden change in the lamp voltage waveform 
(Vs(t)). Accordingly, it is known that the power injected 
into the lamp is proportional to the number of sudden 
changes of the lamp voltage waveform (Vs(t)) per unit 10 
time, or to the frequency of the inverter circuit. This is a 
response to the fact that the dielectric-barrier discharge 
lamp (B) is made up, as stated above, of the condenser 
(10) which is the dielectric, and the condenser (11) 
which is the discharge plasma space (G). 1$ 
[0052] Consequently, it is known that by means of set- 
ting the frequencies in each of the power supply back 
stages (S, S1 , S2 ...), it is possible to adjust the frequen- 
cies of the inverter circuits and thus make minute ad- 
justments to the power injected into each lamp. This 20 
solves, within the first problem mentioned above, the 
problem of lack of uniformity caused by differences of 
lighting efficiency among the different lamps. 
[0053] Moreover, by concentrating the function of the 
variable voltage direct current voltage source in a single 25 
power supply front stage (M), it is possible to make com- 
mon adjustments to the amplitude of the alternating cur- 
rent high voltage (H) impressed on all the dielectric-bar- 
rier discharge lamps (B, B1 , B2 ...). This is clearly a sim- 
plification of the circuit compared with that given as an 30 
implementation in JPO kokai patent H8-146198. This 
solves the second problem mentioned above, which is 
the problem of improving economic properties while in- 
creasing the power of the equipment by increasing the 
power and increasing the area of illumination. 35 
[0054] That is to say, the invention in claim 1 of this 
invention solves the first problem mentioned above, the 
second problem, and also the third problem. 
[0055] The mode of implementation of the invention 
in claim 2 is explained below with reference to figure 4. 40 
[0056] In dielectric-barrier discharge lamps, as in dis- 
charge lamps in general, the voltage impressed on the 
lamp when going from the unlighted state to the lighted 
state must be higher than that needed for normal oper- 
ation. In light source equipment constituted as in figure 4 $ 
3, consider the situation when the direct current power 
supply voltage (1 ) of the power supply front stage (M) is 
increased from a low value in order to start up a lamp in 
the unlighted state, and one or another of the dielectric- 
barrier discharge lamps (B, B1 , B2 ...) is lighted. When 50 
the lighting of the lamps has been accomplished, the 
voltage impressed on the lamps must be reduced to a 
value appropriate to normal operation, and so when the 
power supply front stage (M) has lowered the direct cur- 
rent power supply voltage (1 ), it is possible that some of 55 
the lamps will remain unlighted because of variation in 
the timing of the lamp lighting. If, in order to avoid this, 
the direct current power supply voltage (1) is kept high 



until lighting of all the lamps is completed, it is possible 
the service of the lamps will be shortened because too 
much power was input even if only for a short time, to 
the lamps that were already lighted. 
[0057] To avoid this shortcoming during lighting, it is 
possible to use as the power supply front stage (M) a 
step-down chopper circuit comprising two systems. Fig- 
ure 3 shows the step-down chopper circuit which was 
the single system, but figure four shows a step-down 
chopper circuit system like that in figure 3 to produce a 
direct current power supply voltage (2) for normal lamp 
operation and an additional step-down chopper circuit 
system that comprises an additional switching element 

(48) : a gate drive circuit (47), a gate signal (r8), a diode 

(49) : a choke coil (50), a smoothing condenser (51 ), an 
output voltage detector circuit (52) and a voltage meas- 
urement signal (52), for the purpose of producing a di- 
rect current power supply voltage (3) for lighting the 
lamp. 

[0058] With regard to the power supply back stages 
(S), a lighting voltage selection switch circuit (X) that 
comprises a switching element (54) using, for example, 
an FET, and diodes (55, 56) is added along with a gate 
drive circuit (f7) and a gate signal (58). This selects ei- 
ther the direct current power supply voltage (2) for nor- 
mal lamp operation or the direct current power supply 
voltage (3) for lighting the lamp, and so makes it possible 
to supply the inverter circuit made up of switching ele- 
ments (28 : 29, 30, 31). The switch gate signal genera- 
tion circuit (61) is included in the power supply back 
stage control circuit (42). In addition, lighting detection 
means (59) that detect the lighting of each lamp are add- 
ed. Now, the dielectric-barrier discharge lamps (B, B1 , 
B2 ...) are omitted from figure 4. 

[0059] By operating as described below the dielectric- 
barrier discharge lamp light source equipment constitut- 
ed as shown in figure 4, it is possible to avoid the short- 
comings at time of lighting described above. 
[0060] Prior to lighting, the power supply front stage 
(M) outputs a value corresponding to the voltage im- 
pressed on the lamp for normal operation, as the direct 
current power supply voltage (2) for normal lamp oper- 
ation. In addition, the lighting voltage selection switch 
circuit (X) selects the direct current power supply volt- 
age (3) for lighting the lamp, for the power supply back 
stages (S, S1, S2 ...). 

[0061] To go from the unlighted to the lighted state, 
the power supply front stage (M) raises the direct current 
power supply voltage (3) for lighting the lamp, overtime, 
from an initial low value. Once the beginning of dis- 
charge in the dielectric-barrier discharge lamps (B, B1 , 
B2 ...) is detected by the lighting detection means (59) 
in the associated power supply back stages (S, S1 , 
S2 ...), the lighting voltage selection switch circuit imme- 
diately selects the direct current power supply voltage 
(2) for normal lamp operation. 

[0062] By means of this series of operations during 
lighting, even when some lamps are in the lighted state, 



7 



BNSDOCID: <EP 



1164820A1 I > 



13 



EP 1 164 820 A1 



14 



and alternating current high voltage that increases with 
time continues to be impressed on the unlighted lamps, 
until they are steadily lighted, thus solving completely 
the problem of a possibility that some lamps might re- 
main unlighted. Moreover, after the lighting of some 
lamps is completed, the alternating current high voltage 
impressed on them is within a range that is not exces- 
sive, even if the lighting of other lamps is not yet com- 
pleted, thus resolving completely the problem of a pos- 
sibility that service life would be shortened. 
[0063] Now, the direct current power supply voltage 
(2) for normal lamp operation is a value corresponding 
to the voltage impressed on the lamp appropriate to nor- 
mal operation : and is in a range between a minimum 
value that will maintain discharge without the dielectric- 
barrier discharge lamp going out and a maximum value 
short of excessive input power, but normally it should be 
a value corresponding to a voltage impressed on the 
lamp close to the lower end of that range. And so, when 
lighting has been completed in all the power supply back 
stages (S, S1 , S2 ...) and the lighting voltage selection 
switch circuit has switched to the direct current power 
supply voltage (2) for normal lamp operation, the light 
source unit (45) detects that and sends the information 
to the power supply front stage (M), after which the volt- 
age impressed on the dielectric-barrier discharge lamps 
is controlled so as to change in accordance with the con- 
ditions stated above; that is, in order to be practical light 
source equipment with surplus capacity to produce an 
even discharge at all surfaces of the dielectric-barrier 
discharge lamp, having the voltage impressed on the 
lamp higher than the conditions for the minimum energy 
discharge mentioned above, and also set correctly with- 
in the permissible range for lowering the efficiency of 
eximer emission by raising the voltage impressed on the 
lamp. 

[0064] Now, when lighting has been completed in all 
the power supply back stages (S, S1, S2 ...) and the 
lighting voltage selection switch circuit has switched to 
the direct current power supply voltage (2) for normal 
lamp operation, the power supply front stage control cir- 
cuit (24) can stop the output of the direct current power 
supply voltage (3) for lighting the lamp. 
[0065] The mode of implementation of the invention 
in claim 3 is explained below with reference to figure 5. 
[0066] Because of the situation described above in 
which the suitable range for the voltage impressed on 
the lamp is not broad, the invention in claim 1 of this 
invention achieved both the enabling of light adjustment 
and correction of the lack of uniformity caused by differ- 
ences of lighting efficiency in different lamps, by adjust- 
ing the frequency of inverter circuits by means of fre- 
quency setting means (43) for each of the power supply 
back stages (S, S1 , S2 ...). However, to divide these two 
functions into the function of correcting the lack of uni- 
formity caused by differences of lighting efficiency in dif- 
ferent lamps and the function of increasing or decreas- 
ing the luminance of the lamps as a whole, but it is some- 



times preferable to operate and control the latter func- 
tion not by a frequency-setting means for each of the 
power supply back stages (S, S1 , S2 ...) : but by adjust- 
ment of one separate element within the light source 

5 equipment. 

[0067] To make that possible, a variable duty cycle os- 
cillator (62) and duty cycle setting means are added to 
the light source unit control circuit (45) in figure 4. This 
makes it possible for the light source unit control circuit 

10 (45) to control the state selected by the voltage selection 
switch circuit (Y). This arrangement is shown in figure 
5. Figure 5 shows only the area around the light source 
unit control circuit (45); the portion omitted is the same 
as in figure 4. 

15 [0068] The variable duty cycle oscillator (62) alter- 
nates between digital low-level and high-level outputs. 
The output signal is a modulated signal (64) connected 
to the light source unit control circuit (45), and the light 
source unit control circuit (45) sends it to individual pow- 

20 er supply back stage control circuits (42). Depending 
whether the modulation signal received is low-level or 
high-level, the power supply back stage control circuit 
(42) selects eitherthe modulated low-level direct current 
power supply voltage (4) or the modulated high-level di- 

25 rect current power supply voltage (5) by means of the 
modulated voltage selection switch (Y), and that is sup- 
plied to an inverter circuit made up of switching elements 
(28, 29 ; 30, 31). 

[0069] As used here the modulated low- level direct 
30 current power supply voltage (4) is a voltage to be im- 
pressed on the dielectric-barrier discharge lamp that is 
barely high enough to maintain the discharge without 
letting the lamp go out. The modulated high-level direct 
current power supply voltage (5) is a voltage to be im- 
35 pressed on the dielectric-barrier discharge lamp that 
meets the conditions stated above; that is, having sur- 
plus capacity to produce an even discharge at all sur- 
faces of the dielectric-barrier discharge lamp, with a volt- 
age impressed on the lamp higher than the conditions 
40 for the minimum energy discharge in order to be practi- 
cal light source equipment, and also set correctly within 
the permissible range for lowering the efficiency of exi- 
mer emission by raising the voltage impressed on the 
lamp. 

45 [0070] Moreover, a duty cycle setting means (63) is 
connected to the variable duty cycle oscillator (62) : and 
by changing its setting it is possible to control the duty 
cycle, which is the ratio of low-level and high-level out- 
put from the variable duty cycle oscillator (62). Now, the 

50 correction of lack of uniformity arising from differences 
in the lighting efficiency of different lamps is taken care 
of first by adjusting the frequencies of inverter circuits 
by means of the frequency setting means (43) in the in- 
dividual power supply back stages (S, S1 , S2 ...). 

55 [0071] When dielectric-barrier discharge lamp light 
source equipment is operated using this sort of consti- 
tution and setting, the voltage impressed on the lamp 
can apply a duty cycle modulation (PWM) with regard 
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to the luminance of the lamp, as shown in the conceptual 
drawing in figure 9. When the modulation signal (64) 
voltage, which is the modulated signal waveform (Vm 
(t)), is at a low level, the supply voltage waveform (Ve 
(t)) voltage sent to the inverter circuit selected by the 
modulated voltage selection switch (Y) will be the mod- 
ulated low-level direct current power supply voltage (4), 
and the lamp voltage waveform (Vs(t)) will be a voltage 
impressed on the dielectric-barrier discharge lamp that 
is barely high enough to maintain the discharge without 
letting the lamp go out. On the other hand, when the 
modulation signal (64) voltage is at a high level, the sup- 
ply voltage waveform (Ve(t)) voltage sent to the inverter 
circuit selected by the modulated voltage selection 
switch (Y) will be the modulated high-level direct current 
power supply voltage (5), and the lamp voltage wave- 
form (Vs(t)) will be a voltage impressed on the dielectric- 
barrier discharge lamp that meets the conditions stated 
above; that is : having surplus capacity to produce an 
even discharge at all surfaces of the dielectric-barrier 
discharge lamp, with a voltage impressed on the lamp 
higher than the conditions for the minimum energy dis- 
charge in order to be practical light source equipment, 
and also set correctly within the permissible range for 
lowering the efficiency of eximer emission by raising the 
voltage impressed on the lamp. At that time, the power 
injected into the lamp per unit time can be adjusted by 
adjusting the duty cycle setting means (63). 
[0072] From that fact it is known that the invention of 
claim 3 of this invention has the major advantage, in 
terms of operation and control, that it is possible to in- 
crease or decrease the power injected into all of the di- 
electric-barrier discharge lamps (B, B1 , B2 ...) together, 
just by adjusting the duty cycle setting means (63), a 
single element within the light source equipment. At that 
time there is no problem of lack of uniformity arising from 
differences of lighting efficiency between different 
lamps. That is because when the modulated high-level 
direct current power supply voltage (5) is selected, the 
frequency setting means (43) in each of the power sup- 
ply back stages (S, S1 , S2 ...) controls the frequency of 
its inverter circuit, and so any lack of uniformity arising 
from differences of lighting efficiency among different 
lamps is corrected, and if there is a lack of uniformity 
when the modulated low-level direct current power sup- 
ply voltage (4) is selected, it can be ignored because the 
absolute value of the luminance of the lamps is small. 
Moreover, there are no problems in regard to efficiency. 
That is because when the modulated high-level direct 
current power supply voltage (5) is selected, the voltage 
impressed on the dielectric-barrier discharge lamps will 
be one that meets the conditions stated above; that is, 
having surplus capacity to produce an even discharge 
at all surfaces of the dielectric-barrier discharge lamp, 
with a voltage impressed on the lamp higher than the 
conditions forthe minimum energy discharge in order to 
be practical light source equipment, and also set cor- 
rectly within the permissible range for lowering the effi- 



ciency of eximer emission by raising the voltage im- 
pressed on the lamp. And when the modulated low-level 
direct current power supply voltage (4) is selected it is 
possible to ignore the efficiency good or bad, because 
5 the absolute value of the power injected into the lamps 
is small. 

[0073] Now, in duty cycle modulation, the reason that 
enough voltage is impressed on the dielectric-barrier 
discharge lamp to barely maintain the discharge without 

10 letting the lamp go out completely is to avoid the need 
for complex voltage controls, since, as stated above, 
when a lamp is started up from an un lighted state, it re- 
quires a higher voltage impressed on the lamp than is 
used for normal operation. With regard to the modula- 

15 tion frequency, it is necessary to decide an optimum val- 
ue in accordance with the application , but any frequency 
higher than that at which a lack of uniformity is obvious 
to the human eye is adequate for normal applications. 
[0074] The following is an explanation, using the sim- 

20 pljf jed diagram of the constitution of this invention in fig- 
ure 6, of an implementation of dielectric-barrier dis- 
charge lamp light source equipment based on this in- 
vention, which solves the first problem mentioned 
above, which is the difficulty, when illuminating a broad 

25 area, of making the illumination energy density uniform 
or making the light adjustable, and to solve at the same 
time the second problem of improving economic consid- 
erations as the output is increased and the area of illu- 
mination is enlarged, or as the equipment becomes 

30 more powerful, and the third problem of maintaining 
length of service despite increased heat generated by 
the lamp as the output is increased and the area of illu- 
mination is enlarged, or as the equipment becomes 
more powerful. 

35 [0075] The constitution of the light source equipment 
in figure 6 is basically that of the dielectric-barrier dis- 
charge lamp light source equipment of the invention in 
claim 3 of this invention. In the dielectric-barrier dis- 
charge lamp light source equipment of the invention in 

40 claim 3 of this invention, if no modulation is applied to 
the lamps during lighting, the system that produces 
modulated low-level direct current power supply voltage 
(4) of M and the system that produces the direct current 
power supply voltage (2) for normal lamp operation can 

45 be shared, and the system that produces the modulated 
high-level direct current power supply voltage (5) and 
the system that produces the direct current power sup- 
ply voltage (3) for lighting the lamp can be shared. More- 
over, in the power supply back stages (S, S1 , S2 ...), the 

50 modulated voltage selection switch (Y) and the lighting 
voltage selection switch circuit (X) can be shared. In this 
case, the switching gate signal generation circuit (61) 
forthe lighting voltage selection switch circuit (X) by hav- 
ing the modulation start selection signal (65) from the 

55 light source unit control circuit (45) control whether the 
lighting detection signal (60) from the lighting detection 
means (59 or the modulation signal (64) from the varia- 
ble duty cycle oscillator (62) will be effective. This con- 



9 



BNSDOCID: <EP 1 164820A1_I_> 



17 



EP 1 1 64 820 A1 



IS 



trol, however, should be common for switching gate sig- 
nal generation circuits (61 ) of all the power supply back 
stages (S r S1 , S2 ...). 70. During lighting, after the mod- 
ulation start selection signal (65) is set to make the light- 
ing detection signal (60) from the lighting detection 
means (59) effective, then as described above in the 
mode of implementation of the invention of claim 2 of 
this invention, the power supply front stage (M) outputs 
a value corresponding to the voltage impressed on the 
lamp that is suitable for normal operation, as the direct 
current power supply voltage (2) for normal lamp oper- 
ation, and in each power supply back stages (S, S1, 
S2 ...) the lighting voltage selection switch circuit (X) se- 
lects the direct current power supply voltage (3) for light- 
ing the lamp. In ordertostart up from an unlighted state, 
the power supply front stage (M) raises the direct current 
power supply voltage (3) for lighting the lamp overtime, 
starting from a low voltage. When the discharge begins 
in each dielectric-barrier discharge lamps (B, B1 , B2 ...) 
and is detected by the lighting detection means (59) in 
the power supply back stages (S, S1, S2 ...) to which 
the lamp is connected, the lighting voltage selection 
switching circuit immediately switches over to the direct 
current power supply voltage (2) for normal lamp oper- 
ation. In the power supply back stages where the switch 
has been made, the voltage supplied to the inverter cir- 
cuit has a value corresponding to a voltage impressed 
on the lamp suitable to normal operation, and excess 
power to the lamp is stopped. 

[0076] When the lighting is completed in all the power 
supply back stages (S, S1, S2 ...) and the lighting volt- 
age selection switching circuit has switched to selection 
of the direct current power supply voltage (2) for normal 
lamp operation, that state is detected by the light source 
unit control circuit (45), which sends a signal to that ef- 
fect to the power supply front stage (M).The power sup- 
ply front stage (M), awaiting that signal, then converts 
the direct current power supply voltage (2) for normal 
lamp operation to the modulated low-level direct current 
power supply voltage (4), and the direct current power 
supply voltage (3) for lighting the lamp to the modulated 
high-level direct current power supply voltage (5). The 
light source unit control circuit (45) switches to the mod- 
ulation start selection signal (65) so as to make the mod- 
ulation signal (64) from the variable duty cycle oscillator 
(62) effective with respect to the switching gate signal 
generation circuit (61). In this way, as described in the 
explanation of the mode of implementation of the inven- 
tion of claim 3 of this invention, operation begins with 
duty cycles modulated in accordance with information 
the lamp luminance of all the dielectric-barrier discharge 
lamps (B, B1, B2 ...) has been set by the duty cycle set- 
ting means (63). 

[0077] In figure 6, a current transformer (66) that de- 
tects the current flowing in the dielectric-barrier dis- 
charge lamp (B) is applied as the lighting detection 
means. This is accomplished simply, as shown in figure 
7, in that an absolute value averaging circuit (67) is used 



to produce an average value of absolute values signal 
(68) for the lamp current waveform detected by the cur- 
rent transformer (66), and the result of comparison, by 
a comparator (69), of that signal with a lighting threshold 
5 voltage (70) becomes the lighting detection signal (60). 
[0078] In figure 7, a logical multiplier circuit (71 ) in the 
light source unit control circuit (45) performs logical mul- 
tiplication of the lighting detection signals (60) from the 
power supply back stages (S, S1, S2 ...),.and produces 
10 an all lamps lit signal (72) that indicates that lighting is 
completed in each of the power supply back stages (S, 
S1 , S2 ...), and the lighting voltage selection switch cir- 
cuit has switched to a state selecting the direct current 
power supply voltage (2) for normal lamp operation. 
is [0079] Moreover, an adder circuit (73) sums up the av- 
erage value of absolute values signals (68) from the 
power supply back stages (S, S1 , S2 ...), and produces 
an all lamps total current signal (74). That signal can be 
used as a signal corresponding to the power injected 
20 into all the lamps. The track hold circuit (75) is input to 
the track hold circuit (75), which produces the modulat- 
ed high-level all lamps power injection signal (76). The 
modulation signal (64) is input to the track hold circuit 
(75) as a control signal. By means of this constitution, 
25 when the duty cycle modulation is at the high level, the 
all lamps total current signal (74) is output without 
change as the modulated high-level all lamps power in- 
jection signal (76), but when the duty cycle modulation 
is at the low level, the all lamps total current signal (74) 
30 from the immediately preceding high-level modulation 
is held, and output as the modulated high-level all lamps 
power injection signal (76). In other words, the modulat- 
ed high-level all lamps power injection signal (76) does 
not depend on the phase of duty cycle modulation, but 
35 is always a signal corresponding to the all lamps power 
injection of the high-level modulation. 
[0080] The modulated high-level all lamps power in- 
jection signal (76) is sent to the power supply front stage 
(M) as a part of the light source unit control signal (44). 
40 In the power supply front stage (M), the modulated high- 
level all lamps power injection signal (76) increases or 
decreases the modulated high-level direct current pow- 
er supply voltage (5), on a feedback basis, so as to 
match a target value set in advance. 
45 [0081] There is a great advantage in controlling the 
modulated high-level direct current power supply volt- 
age (5) on the basis of a signal corresponding to the 
power injected into all that the lamps when at a modu- 
lated high level in this way. That is because with dielec- 
50 trie-barrier discharge lamps, as with other discharge 
lamps, that the relationship between that the voltage im- 
pressed on the lamp and that the power injected into 
that the lamp changes with the lamp temperature and 
that the length of time that the lamp has been lit, and so 
55 when the modulated high-level direct current power sup- 
ply voltage (5) is fixed, it is possible to be completely 
assured that the voltage impressed on the lamp meets 
the conditions stated above; that is, having surplus ca- 
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pacity to produce an even discharge at all surfaces of 
the dielectric-barrier discharge lamp, with a voltage im- 
pressed on the lamp higher than the conditions for the 
minimum energy discharge in order to be practical light 
source equipment, and also set correctly within the per- 
missible range for lowering the efficiency of eximer 
emission by raising the voltage impressed on the lamp. 
[0082] In figure 6 there are, for the dielectric-barrier 
discharge lamps (B, B1, B2 ...), light detectors (U, U1, 
U2 ...) to measure the lamp luminance of each lamp. 
That the detector signals from them are summed up in 
the light source unit control circuit (45), which produces 
an all lamps lamp luminance signal. That the all lamps 
lamp luminance signal is sent to the power supply front 
stage (M) as a part of the light source unit control signal 
(44). In the power supply front stage (M), that the all 
lamps lamp luminance signal increases or decreases 
that the modulated duty cycle, on a feedback basis, so 
as to match a target value that is set in advance. Now, 
the duty cycle information is sent to the light source unit 
(25) as a part of the light source unit control signal (44), 
and is set by the duty cycle setting means (63). 
[0083] Thus there is that the great advantage that the 
modulated duty cycle is controlled on the basis of the 
lamp luminance of all lamps. That the factors of change 
in lamp luminance, which are changes over that the pe- 
riod from immediately after the lamp is lighted until it is 
stabilized thermally and changes from the time that the 
lamp is new until that the end of its service life, can be 
corrected immediately, and it is possible to realize light- 
ing equipment that never experiences excessive or in- 
adequate density of illumination energy. Now, another 
method is to focus on a single lamp and measure its 
luminance instead of summing up that the lamp lumi- 
nance of all lamps, that the control the modulated duty 
cycle on the basis of that measurement; that the method 
used here is simpler in constitution and, though less pre- 
cise, is adequate for practical use. 
[0084] Moreover, because that the light source unit 
control circuit (45) takes in the detector signals from the 
light detectors (U, U1, U2 ...) for each lamp of the power 
supply back stages (S, S1 , S2 ...), and that the frequen- 
cy settings are sent from the light source unit control 
circuit (45) to the frequency setting means (43) of the 
power supply back stages (S, S1 , S2 ...), in the event 
that the balance of lamp luminance of each of the lamps 
is investigated and there is a lamp luminance that is 
greater than the average of the whole, that the frequen- 
cy of the frequency setting means (43) of the power sup- 
ply back stage (S. S1 , S2 ...) with which that light detec- 
tor is associated can be decreased. Conversely, in the 
event that there is a lamp luminance that is less than the 
average of the whole, that the frequency of the frequen- 
cy setting means (43) of the power supply back stage 
(S, S1 , S2 .) with which that light detector is associated 
can be increased. It is desirable to add a mechanism to 
perform this control automatically, either continuously or 
intermittently. If that is done, then even if the balance is 



changed because some or all of the lamps are replaced 
or there is a lack of uniformity arising from differences 
in the lighting efficiency of different lamps with the pas- 
sage of time, it is possible to realize superior light source 

5 equipment in which that the density of illumination en- 
ergy is always uniform over a broad area. 
[0085] Now, when lamp power injection is stabilized 
in light source equipment that does not use duty cycle 
modulation, that the insertion of the track hold circuit 

10 (75) into that the average value of absolute values signal 
(68) in figure 7 can be omitted. In this case, that the av- 
erage value of absolute values signal (68) is sent to the 
power supply front stage (M) as a part of the light source 
unit control signal (44). In the power supply front stage 

15 (M), that the average value of absolute values signal 
(68) increases or decreases that the direct current pow- 
er supply voltage (2) for normal lamp operation, on a 
feedback basis, so as to match a target value set in ad- 
vance. Now, in figure 7, R indicates a resistor, C is a 

20 condenser, OP is an operational amplifier. BF is a buffer 
and Dl is a diode. 

[0086] That the description here is of a current trans- 
former (66) applied as the lighting detection means (59), 
but it is also possible to use an all lamps lamp luminance 

25 signal from the light detector (U). Now, a full-bridge in- 
verter is depicted in figures 3, 4 and 6, but a half-bridge 
inverter or an inverter with a switching element can be 
used. A step-down chopper is depicted for the produc- 
tion of the direct current power supply voltage (1), that 

30 the direct current power supply voltage (2) for normal 
lamp operation, that the direct current power supply volt- 
age (3) for lighting the lamp, that the modulated low- 
level direct current power supply voltage (4) and that the 
modulated high-level direct current power supply volt- 
es age (5), but other methods could be used instead. And 
a diode bridge is shown as the rectifier circuit (13) in 
figure 6, but it is possible to use other methods; a com- 
mercial direct current power supply module or an active 
filter with a power supply current high-frequency sup- 

40 pression function would work well. 

[0087] That the constitution of circuits shown in the 
drawings is, of course, just one example showing the 
major elements. In an actual application it should be 
changed as appropriate to the characteristics of the 

45 parts used and differences in polarity, and peripheral el- 
ements should be added as required. 
[0088] That the dielectric-barrier discharge lamp light 
source equipment of this invention comprises dielectric- 
barrier discharge lamps (B, B1 , B2 ...) that have a dis- 

50 charge plasma space (G) filled with a discharge gas in 
which a dielectric-barrier discharge will produce eximer 
molecules and a dielectric (D) located between that the 
discharge gas and at least one of two electrodes (Ea, 
Eb) to induce that the discharge phenomenon in the dis- 

55 charge gas, and also a power supply to impress a high 
voltage on the electrodes (Ea, Eb) of the dielectric-bar- 
rier discharge lamps, in which that the power supply 
means is divided into a power supply front stage (M) and 
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power supply back stages (S, S1 , S2 ...) with one of the 
power supply back stages (S, S1 , S2 ...) for each of the 
dielectric-barrier discharge lamps (B, B1. B2 ...), with 
the power supply front stage (M) providing a common 
direct current power supply voltage (1) to each of the 
power supply back stages (S, S1 , S2 ...) and each of the 
power supply back stages (S, S1 , S2 ...) transforming 
the direct current power supply voltage (1) to an alter- 
nating current high voltage (H) of roughly periodic wave- 
form by means of a switching element and a step-up 
transformer (T), and impressing that alternating current 
high voltage (H) on the electrodes (Ea, Eb) of the cor- 
responding dielectric-barrier discharge lamps (B, B1, 
B2 ...), such that the frequency of the alternating current 
high voltage (H) of each of the power supply back stages 
(S, S1 , S2 ...) is independently adjustable and that the 
common direct current power supply voltage (1) of the 
power supply front stage (M) is adjustable, and accord- 
ingly it is possible to adjust that the common direct cur- 
rent power supply voltage (1 ) in the power supply front 
stage (M) such that the voltage impressed on each die- 
lectric-barrier discharge lamp meets the conditions stat- 
ed above; that is, there is a margin for production of uni- 
form discharges across the full surface of the dielectric- 
barrier discharge lamps, the voltage impressed on the 
lamp is higher than the minimum energy condition for 
discharge, and the drop in efficiency of eximer light 
emission due to the voltage impressed on the lamp be- 
ing high is within the permissible range, thus solving, 
within the first problem mentioned above, the problem 
of unevenness of discharge within a single lamp due to 
the effect of variation in the location within the lamp of 
the discharge gap, and also the third problem listed 
above, which is the problem that the lamp produces 
more heat and its life grows shorter as the output in- 
creases and the area of illumination increases, or in oth- 
er words, as the equipment becomes larger, as well as 
solving the second problem of improving economic 
properties as the output increases and the area of illu- 
mination increases, or in other words, as the equipment 
becomes larger. 

[0089] The dielectric-barrier discharge lamp light 
source equipment of claim 2 has a power supply front 
stage (M) that supplies as common direct current power 
supply voltages both a direct current power supply volt- 
age (2) for regular operation and a direct current power 
supply voltage (3) for lamp ignition to each of the power 
supply back stages (S, S1 , S2 ...), with each of the pow- 
er supply back stages (S, S1 , S2 ...) having a lamp volt- 
age selection switch circuit (X) to select either the direct 
current power supply voltage (2) for regular operation 
or the direct current power supply voltage (3) for lamp 
ignition, and the lamp voltage selection switch circuit (X) 
selecting the direct current power supply voltage (2) for 
regular operation when the dielectric-barrier discharge 
lamp is in regular operation or direct current power sup- 
ply voltage (3) for lamp ignition when the lamp is turned 
on, such that the common voltage is transformed to an 



alternating current high voltage (H) of roughly periodic 
waveform based on the voltage selected, thus solving 
the problem that when the lighting of the lamps has been 
accomplished, the voltage impressed on the lamps must 
5 be reduced to a value appropriate to normal operation, 
and so when the power supply front stage (M) has low- 
ered the direct current power supply voltage (1 ) s it is pos- 
sible that some of the lamps will remain unlighted be- 
cause of variation in the timing of the lamp lighting and 
10 if, in order to avoid this, the direct current power supply 
voltage (1) is kept high until lighting of all the lamps is 
completed, it is possible that the service live of the lamps 
will be shortened because too much power was input, 
even if only for a short time, to the lamps that were al- 
15 ready lighted. 

[0090] Moreover, the dielectric-barrier discharge 
lamp light source equipment under claim 3 is equipment 
in which the power supply front stage (M) supplies as 
common direct current power supply voltages both a 
20 modulated low-level direct current power supply voltage 
(4) and a modulated high-level direct current powersup- 
ply voltage (5) to each of the power supply back stages 
(S, S1 , S2 ...), with each of the power supply back stag- 
es (S, S1 , S2 ...) having a lamp voltage selection switch 
25 circuit (Y) to select either the modulated low-level direct 
current power supply voltage (4) or the modulated high- 
level direct current power supply voltage (5), and the 
lamp voltage selection switch circuit (Y) cyclically alter- 
nating between two states, namely the state when the 
30 modulated low-level direct current power supply voltage 
(4) is selected and the state when the modulated high- 
level direct current power supply voltage (5) is selected, 
such that the common voltage is transformed to an al- 
ternating current high voltage (H) of roughly periodic 
35 waveform based on the voltage selected, and the ratio 
of length of continuation of the two states can be adjust- 
ed, such that, to divide these two functions into the func- 
tion of correcting the lack of uniformity caused by differ- 
ences of lighting efficiency in different lamps and the 
40 function of increasing or decreasing the luminance of 
the lamps as a whole, there is a major advantage in that 
it is possible but it is sometimes preferable to control the 
latter function not by a frequency-setting means for each 
of the power supply back stages (S, S1 , S2 ...), but by 
45 adjustment of one separate element within the light 
source equipment. 

Field of industrial Use 

so [0091] This invention is dielectric-barrier discharge 
lamp light source equipment that can be used as an ul- 
traviolet light source for photochemical reactions, for ex- 
ample. 

55 

Claims 

1. Dielectric-barrier discharge lamp light source 
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equipment comprising dielectric-barrier discharge 
lamps (B, Bt, B2 ...) that have a discharge plasma 
space (G) filled with a discharge gas in which a di- 
electric-barrier discharge will produce eximer mol- 
ecules and a dielectric (D) located between the dis- 5 
charge gas and at least one of two electrodes (Ea, 
Eb) to induce the discharge phenomenon in the dis- 
charge gas, 

and also a power supply to impress a high volt- 10 
age on the electrodes (Ea, Eb) of the dielectric- 
barrier discharge lamps, 

in which the power supply means is divided into 
a power supply front stage (M) and power sup- 
ply back stages (S, S1 , S2 ...) with one of the 15 
power supply back stages (S, S1, S2 ...) for 
each of the dielectric-barrier discharge lamps 
(B, B1, B2 ...)> 

with the power supply front stage (M) providing 
a common direct current power supply voltage 20 
(1 ) to each of the power supply back stages (S, 
S1 , S2 ...) and each of the power supply back 
stages (S, S1, S2 ...) transforming the direct 
current power supply voltage (1 ) to an alternat- 
ing current high voltage (H) of roughly periodic 25 
waveform by means of a switching element and 
a step-up transformer (T), and impressing that 
alternating current high voltage (H) on the elec- 
trodes (Ea, Eb) of the corresponding dielectric- 
barrier discharge lamps (B, B1 , B2 ...), 30 
such that the frequency of the alternating cur- 
rent high voltage (H) of each of the power sup- 
ply back stages (S, S1 , S2 .,.) is independently 
adjustable and the common direct current pow- 
er supply voltage (1 ) of the power supply front 35 
stage (M) is adjustable. 

2. Dielectric-barrier discharge lamp light source 
equipment as described in claim 1 above, in which 
the power supply front stage (M) supplies as com- 40 
mon direct current power supply voltages both a di- 
rect cu rrent power supply voltage (2) for regular op- 
eration and a direct current power supply voltage 
(3) for lamp ignition to each of the power supply 
back stages (S, S1 , S2 ...), 45 
with each of the power supply back stages (S, S1 , 
S2 ...) having a lamp voltage selection switch circuit 
(X) to select either the direct current power supply 
voltage (2) for regular operation or the direct current 
power supply voltage (3) for lamp ignition, 50 
and the lamp voltage selection switch circuit (X) se- 
lecting the direct current power supply voltage (2) 
for regular operation when the dielectric-barrier dis- 
charge lamp is in regular operation or direct current 
power supply voltage (3) for lamp ignition when the 55 
lamp is turned on, such that the common voltage is 
transformed to an alternating current high voltage 
(H) of roughly periodic waveform based on the volt- 



age selected. 

3. Dielectric-barrier discharge lamp light source 
equipment under claim 3. in which the power supply 
front stage (M) supplies as common direct current 
power supply voltages both a modulated low-level 
direct current power supply voltage (4) and a mod- 
ulated high-level direct current power supply volt- 
age (5) to each of the power supply back stages (S, 
S1, S2 :..), with each of the power supply back stag- 
es (S, S1, S2 ...) having a lamp voltage selection 
switch circuit (Y) to select either the modulated low- 
level direct current power supply voltage (4) or the 
modulated high-level direct current power supply 
voltage (5), 

and the lamp voltage selection switch circuit (Y) cy- 
clically alternating between two states, namely the 
state when the modulated low-level direct current 
power supply voltage (4) is selected and the state 
when the modulated high-level direct current power 
supply voltage (5) is selected, such that the com- 
mon voltage is transformed to an alternating current 
high voltage (H) of roughly, periodic waveform 
based on the voltage selected, and the ratio of 
length of continuation of the two states can be ad- 
justed. 
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